In lattice Schrödinger picture, we investigate the possible effects of trans-Planckian physics on the quantum trajectories of scalar field in de Sitter space within the framework of the pilot-wave theory of de Broglie and Bohm. For the massless minimally coupled scalar field and the Corley-Jacobson type dispersion relation with sextic correction to the standard-squared linear relation, we obtain the time evolution of vacuum state of the scalar field during slow-roll inflation. We find that there exists a transition in the evolution of the quantum trajectory from well before horizon exit to well after horizon exit, which provides a possible mechanism to solve the riddle of the smallness of the cosmological constant.
Introduction
The scenario of inflationary cosmology successfully provides the paradigm for generating the inhomogeneities which seed the structures of the universe we observe today 1 . In the simplest inflationary model, these inhomogeneities arise from the quantum fluctuations in a single scalar field about its vacuum state. The conventional choice of a vacuum during inflation is the Bunch-Davies BD vacuum 2 . However, it is well known that the notion of a vacuum state during inflation is ambiguous in quantum theory 3 , and the choice of initial quantum vacuum state affects the predictions of inflation 4, 5 .
Recently Perez et al. 6 discussed how predictions for the cosmic microwave background CMB could be affected by a hypothetical dynamical collapse of the wave function. As a different possibility, the notion of quantum nonequilibrium 7, 8 was also discussed in terms of the pilot-wave theory of de Broglie and Bohm 9-13 and was later generalized to include all deterministic hidden-variables theories 14 . In the context of inflationary cosmology, a deterministic hidden-variables theory allows the existence of 2 Advances in High Energy Physics vacuum states with nonstandard or nonequilibrium field fluctuations, resulting in statistical predictions that deviate from those of quantum theory 15, 16 . Moreover, the inflationary scenario has a serious trans-Planckian problem, which is whether the predictions of standard cosmology are insensitive to effects of the transPlanckian physics. Since there is no successful quantum gravity theory to handle the physics around the Planck scale, one of the methods is to use the effective nonlinear dispersion relations to mimic the effects of the trans-Planckian physics. For example, the CorleyJacobson CJ type dispersion relations were used to study the possible effects of the trans-Planckian physics on cosmological perturbations [17] [18] [19] . Note also that the CJ type dispersion relations can also be derived naturally from the recently proposed quantum gravity model called Horava-Lifshitz HL gravity 20-22 . In our previous papers 23-26 , we used the lattice Schrödinger picture to study the free scalar field theory in de Sitter space, derived the wave functionals for the BD vacuum state and its excited states, and found the corresponding de Broglie and Bohm quantum trajectories. The purpose of this paper is to study further the possible effects of the transPlanckian physics on the quantum trajectories of scalar field in de Sitter space within the framework of the pilot-wave theory of de Broglie and Bohm. Throughout this paper, we will set c 1.
Pilot-Wave Scalar Field in De Sitter Space
We consider the scalar field theory which has the Lagrangian density
where φ is a real scalar field, V φ is the potential, m is the mass of the scalar quanta, R is the Ricci scalar curvature, ξ is the coupling parameter, and g det g μν , μ, ν 0, 1, . . . , d. For a spatially flat 1 d -dimensional Robertson-Walker spacetime with scale factor a t , we have
In the 1 d -dimensional de Sitter space, we have a t exp ht , where h ≡ȧ/a is the Hubble parameter which is a constant. Note that in three spatial dimensions d 3, the curvature R 12h 2 is also a constant. Throughout this paper, we use this exact de Sitter spacetime background to describe the inflationary era, which is only a special case n → ∞ limit of power-law inflation with a t a 0 t n . For mathematical simplicity, we consider the case of d 1 in the following. The extention to higher spatial dimension is straightforward without changing the nature of our results.
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In the lattice formalism, we have the following changes:
and the Lagrangian reads
where φ j ≡ a 1/2 ε 1/2 φ j , and ε W/N; that is, W is the overall comoving spatial size of lattice. From 2.4 we obtain the Hamiltonian
where p j is the conjugate momentum of φ j ,
Then we consider the discrete Fourier transforms 
2.9
Furthermore, we define
2.10
where p l is the conjugate momentum for φ l , and the subscripts 1 and 2 denote the real and imaginary parts, respectively. Therefore, the Hamiltonian 2.5 becomes in momentum space
2.11
To quantize the theory above, we note also that each pair of operators 
that is, the functional Schrödinger representation, which is not so widely used as the Fock representation. These operators act on wave functional ψ φ , and the inner product is given by 
Then, for each real mode φ rl , the normalized instantaneous vacuum and its excited states are found to be 24
2.19
Here H n rl is the nth-order Hermite polynomial, and the complex function B l τ , real function g τ , and complex function A l n rl τ are given by 2.20 , 2.21 , and 2.22 , respectively 
2.21
A l n rl τ exp −i 1 2 B l τ dτ − in rl ω l g 2 τ dτ const ,2.R n rl φ rl , τ ⎡ ⎣ 2h/π √ π2 n n rl ! H ν 1 ⎤ ⎦ 1/2 H n rl η rl exp − 1 2 η rl 2 , η rl 2h/π H ν 1 φ rl ,
2.24
and the phase
dτ.
2.25
The complete state wave functionals can be written as ψ n φ rl , t rl ψ n rl φ rl , t , where n rl 0, 1, 2, . . . and n ≡ n i , n j , . . . which means that it is possible for different field modes to be in different excited states; that is, mode i is in the n i -excited state, mode j is in the n j excited state, and so forth. For n rl 0, the ground state wave functional corresponds to the standard BD vacuum chosen conventionally in the literature. For the case of spatial dimension d 3, we have ν 2 9/4 − m 2 ξR /h 2 with R 12h 2 , and the mode index l in ω l carries labels l i , i 1, 2, 3 which will be suppressed below.
To define the pilot-wave scalar field theory, we note from 2. where z ≡ k|τ| k/a/h is the ratio of physical wave number to the inverse of Hubble radius, and integration constant C is chosen to be φ rk z 0 /|H ν 1 z 0 | with z 0 being some reference point. Note that the quantum trajectory 2.33 is independent of the quantum number n rl and depends on the form of the potential V φ through ν 26 .
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Evolution of Vacuum Wave Functional in the Trans-Planckian Physics
To investigate the effect of the trans-Planckian physics, we consider the Corley-Jacobson type dispersion relations
where M is a cut-off scale, s is an integer, and b s is an arbitrary coefficient 17-19 . Note that the action for a scalar field with the modified dispersion relation 3.1 with s 1 and b 1 > 0 takes the form 27, 28
where L φ is the standard Lagrangian of a minimally coupled scalar field
L cor corresponds to the nonlinear part of the dispersion relation
and L u describes the dynamics of a unit time-like vector field u μ which defines a preferred rest frame
with
3.6
Here ∇ μ is the covariant derivative associated with the metric g μν , the tensor ⊥ μν gives the metric on a slice of fixed time while D 2 is proportional to the Laplacian operator on the same surface, λ is the Lagrange multiplier, and the parameters b 1 
where
3.10
In region I where k phys ≡ k/a > M, that is, z > M/h, the dispersion relations can be approximated by ω 2 k/a ≈ k 2 σ 2 z 2s , and 3.9 becomes
To obtain the solution of 3.11 , we define B k
The general solution of 3.12 is
where the Hankel function is of order ν ν/1 s with ν 
14 where the prime in 3.14 denotes the derivative with respect to σ/ 1 s z 1 s . The corresponding wave functional is
3.15
In region II where k phys ≡ k/a < M, that is, z < M/h, the dispersion relations recover the standard linear relations ω 2 ∼ k 2 , and 3.9 becomes
Again, the solution of 3.16 can be obtained by defining B k
The general solution of 3.17 is
1 from the Wronskian of f k II and f k II * . Therefore, we have 
3.20
The corresponding wave functional is
3.21
Let τ c be the time when the modified dispersion relations take the standard linear form. 
which can also be rewritten, respectively, as where sin 2z c − θ > 0, cos 2z c − θ < 0. Substituting 3.14 and 3.19 into 3.25 and keeping terms up to order 1/z c on the right-hand side of 3.25 , we obtain the following:
Using 3.27 in 3.28 gives
Here we choose cot 2z c − θ −1/2z c , so that |C 2 II | is small for z c 1 to avoid an unacceptably large backreaction on the background geometry. Therefore, we have for z c 1
Bohm Quantum Trajectories in the Trans-Planckian Physics
Note that in defining the pilot-wave scalar field theory in Section 2, we used de Broglie's firstorder dynamics of 1927, which is defined by 2.26 and 2.30 . To consider the effect of the trans-Planckian physics, we replace 2.26 with 3.7 . In fact, we can also make use of Bohm's second-order dynamics of 1952, which is defined by 3.7 and the following equation in the continuum limit ω l → k : On the other hand, in region II where ω 2 k/a ≈ k 2 and z < M/h, the classical potential V in 4.1 and the corresponding quantum potential Q become, respectively,
